Rationale Preclinical studies support the hypothesis that endogenous neuroactive steroids mediate some effects of alcohol.
Introduction
An extensive body of preclinical studies supports the hypothesis that endogenous neuroactive steroids produced in response to alcohol mediate some of the behavioral and electrophysiological effects of alcohol (reviewed in Kumar et al. 2009 ). 5α-(and 5β-) reduced 3α-pregnane and 3α-androstane neuroactive steroids have anticonvulsant and anxiolytic properties and are potent positive allosteric modulators of GABA A receptors (Holzbauer et al. 1985; Majewska et al. 1986; Morrow et al. 1987; Bitran et al. 1991; Paul and Purdy 1992; Frye et al. 1996; Reddy 2004; Reddy and Jian 2010 ; review by Mellon and Griffin 2002) . In rats, moderate to high doses of alcohol (1-2 g/kg) increase plasma and brain levels of the neuroactive steroid allopregnanolone (VanDoren et al. 2000; Porcu et al. 2010) , which are reduced by pretreatment with finasteride, an inhibitor of 5α-reductase (5AR). Finasteride blocks several acute effects of alcohol in rats (VanDoren et al. 2000) and the effects of alcohol on GABA currents in brain slice preparations (Sanna et al. 2004 ). Blockade of neuroactive steroid production by finasteride attenuates the acquisition of alcohol preference in mice (Ford et al. 2008) .
Data from human studies supporting neuroactive steroids as mediators of alcohol effects are limited. In humans, the plasma concentration of allopregnanolone was increased following severe intoxication Ortega 2003, 2004) , but not moderate intoxication (Nyberg et al. 2005; Holdstock et al. 2006; Pierucci-Lagha et al. 2006; Porcu et al. 2010) . To extend preclinical studies with the 5α-reductase inhibitor finasteride to humans, we tested the effects of 200 mg finasteride in a human subjects alcohol laboratory paradigm involving 27 subjects (15 males) (Pierucci-Lagha et al. 2005) . Although finasteride blocks both type I and type II 5AR in rodents, at clinical dosages in humans, it blocks only type II 5AR, the isoenzyme of 5AR that is most abundant in the prostate and skin. Finasteride's effect on the type I enzyme, which is abundant in the brain, liver, and adrenals, is very limited. Thus, we employed a loading dose that was 40 times the daily therapeutic dose of finasteride. We found that finasteride pretreatment reduced several subjective effects of alcohol in subjects homozygous for a protective allele of the GABRA2 synonymous exon 5 SNP, rs279858, the G-allele of which has been associated with alcohol dependence (Covault et al. 2004) .
In the present study, we examined a larger sample of subjects including both nonhazardous (light) drinkers and hazardous (heavy) drinkers pretreated with dutasteride, a second 5AR inhibitor approved by the FDA to treat benign prostatic hyperplasia. In contrast to finasteride, dutasteride inhibits both type I and II 5AR enzymes in humans at clinical dosages, leading to a greater reduction in dihydrotestosterone (DHT) levels than finasteride, without suppressing testosterone (Clark et al. 2004 ). In the current study, we examined whether a single 4-mg loading dose of dutasteride reduced the acute effects of a moderate dose of alcohol in 70 male nondependent drinkers and whether dutasteride interacted with rs279858 in the GABRA2 gene. As a secondary analysis, based on results using finasteride in animal studies (Ford et al. 2005; Ramaker et al. 2011) , we examined the effects of study participation on drinking behavior during the 3-week interval following each laboratory session, on the hypothesis that dutasteride would be associated with reduced drinking.
Methods

Subjects
Men were recruited by advertisement from the Greater Hartford Region, including nearby colleges and universities. To include heavy drinkers in the sample, some advertisements solicited participation by men who drank at least ten drinks per week. Subjects were paid to participate. All subjects gave written informed consent to participate in the study as approved by the University of Connecticut Health Center Institutional Review Board. Following an initial telephone interview, interested participants were screened in person for study eligibility using the Timeline Follow-back Interview (Sobell and Sobell 1992) to quantify alcohol use during the prior 90 days and the Structured Clinical Interview for DSM-IV (First et al. 1995) to determine the presence of common psychiatric disorders. Additional screening evaluations included a medical history and physical examination with routine laboratory tests (liver and renal function tests, complete blood count, serum glucose, and urine drug toxicology screen). Finally, to examine the dose effects of the GABRA2 alcohol dependence-associated allele and its interaction with dutasteride treatment on alcohol responses, we oversampled subjects homozygous for each allele at rs279858 by randomly excluding approximately 25 % of heterozygous subjects. We screened 148 subjects of which 70 completed the study. Of the 78 subjects who were excluded, 42 were screen failures or withdrew prior to the first laboratory session, 12 were randomly excluded due to being heterozygous at rs279858, 21 did not complete all four sessions, 2 were excluded due to pharmacy error, and 1 was excluded due to a protocol violation.
Subjects were included in the study if they were between 21 and 45 years of age, reported drinking three or more standard drinks (sd) on at least one occasion during the past month, had a body mass index of 18.5-32.5 kg/m 2 , and weighed 235 lb or less. They were excluded if they had a lifetime DSM-IV diagnosis of alcohol or drug dependence, a diagnosis of alcohol abuse during the past 2 years or current nicotine dependence, or a current untreated medical condition or were currently using benzodiazepines, other psychotropic medications, or medications known to influence steroid hormone levels or metabolism or modify the effects of alcohol. In view of the teratogenic effects of dutasteride, which is not FDA approved for use in women, we enrolled only men.
Study design
The dutasteride/alcohol crossover laboratory study utilized a double-blind, within-subject factorial design, in which each subject participated in four experimental sessions spaced at least 4 weeks apart (average interval 36 days) in which they received either 0 or 4 mg of dutasteride 2-4 days prior to participating in an alcohol laboratory session where they received three drinks containing either an alcohol mask or 0.8 g/kg ethanol. Vodka was used as the ethanol source and was mixed with the participant's choice of martini mixer. Placebo drinks had a small volume of 1 % ethanol floated on top to provide the odor of alcohol. Drinks were mixed immediately before serving, so that subjects could taste and smell the alcohol floated on the placebo drink before it was diluted by the addition of juice. To control for expectancy effects, subjects were told that they might or might not be given alcohol (Martin and Sayette 1993) . They were told to abstain from alcohol, nicotine, and other drugs (caffeine not included) during the 24 h prior to each laboratory session. Subjects arrived at approximately 10:30 AM on the day of the laboratory session. At 11:00 AM, they ate a low-fat light lunch, and at 11:30, they completed the prealcohol subjective ratings, and baseline physiologic measures were obtained. The first standard drink of alcohol or placebo beverage was administered at noon, and subjects had 36 min to consume the three drinks (i.e., one drink administered every 12 min). Breath alcohol concentration (BrAC), heart rate, and subjective response assessments were repeated at approximately 40-min intervals beginning 40 min after starting to drink. The order of drug (placebo or 4 mg dutasteride) and alcohol (placebo or 0.8 mg/kg) was randomly assigned to provide a balanced assignment of the 24 possible administration sequences for light and heavy drinker groups and by GABRA2 genotype.
Subjective effects were measured using two self-report questionnaires, described below, which were administered on a computer, programmed using SPSS Data Builder version 3.0. A monitor was placed approximately 22 in. in front of the subject at a normal viewing level. Subjects were instructed to read each question carefully and to answer it to the best of their ability based on how they felt at the time. Subjects used a computer mouse to click on their responses and to scroll down the screen answering the self-report questions until they reached the end. Study personnel monitored their progress.
The Biphasic Alcohol Effects Scale (BAES) ) is a 14-item unipolar adjective rating scale used to measure both the stimulant and sedative effects of alcohol (seven items each for the stimulant and sedative subscales). The Alcohol Sensation Scale (SS) (Maisto et al. 1980) consists of 26 items divided into six subscales measuring somatic sensations produced by alcohol. The six subscales are centralstimulant, sensations associated with light-headedness and dizziness (four items); anesthetic, numbed sensations (five items) and sedation (four items); dynamic-peripheral, sensations associated with increased heart rate and breathing (three items); warmth-glow, blushing sensations (three items); gastrointestinal, stomach sensations (four items); and impaired function, perceived changes in psychomotor performance (three items). Prior to alcohol ingestion, as baseline measures, subjects were asked to rate both measures on a scale of 0 (not at all) to 10 (extremely) the extent to which they experienced "alcohol-like" feelings. After alcohol ingestion, subjects were asked to rate the extent to which drinking alcohol produced these feelings.
Hormone assay
We measured serum levels of 3α-androstanediol glucuronide (3α-diolG) as a biochemical indicator of dutasteride inhibition of 5AR enzyme activity. 3α-diolG is the major excreted metabolite of DHT via 3α reduction of DHT to 5α-androstane-3α,17β-diol (aka 3α,5α-androstanediol) and 17β reduction of 3α,5α-androsterone (androsterone) to 5α-androstane-3α,17β-diol. 3α-diolG has been shown to decrease in parallel with DHT levels following finasteride treatment in men (Rittmaster et al. 1989; Gormley et al. 1990 ) and has been used to monitor the reduction of 5AR activity in women treated with finasteride (Wong et al. 1995; Falsetti et al. 1999) . Serum was collected prior to dutasteride (or placebo) administration and again at the beginning of each laboratory session 2-4 days following drug administration to confirm dutasteride inhibition of 5AR. In a separate pharmacokinetic study described below, subjects received 2-, 3-, or 4-mg doses of dutasteride, and serum was collected at 1, 3, 7, 14, 21, 28, and 42 days after drug administration. Serum 3α-diolG was assayed in duplicate using an enzyme-linked immunoassay (ALPCO Diagnostics, Salem, NH).
Genotyping
DNA was purified from blood samples using the PureGene kit (GentraSystems, Minneapolis, MN) according to the manufacturer's instructions. Rs279858, a synonymous substitution in exon 5 of the GABRA2 gene, was genotyped using primers and TaqMan probes described previously (Covault et al. 2004 ).
Data analysis
Paired t tests were used to examine the change in 3α-diolG following dutasteride and the change in drinking in the weeks following laboratory sessions. Chi-square tests were used to compare genotype frequencies between light and heavy drinkers. Linear mixed-effects models were used to detect the effect of alcohol and dutasteride on BrAC, heart rate, and subjective responses. Seven time points were included in the analysis relative to the first alcohol drink: 40, 80, 120, 160, 210, 240 , and 300 min, with the time after beginning alcohol administration included as a covariate. Main and interaction effects were examined for statistical significance with a focus on the interaction of alcohol × dutasteride.
Additional models were run including GABRA2 rs279858 genotype, both as a three-level genotype coded 0, 1, or 2 copies of the alcohol dependence-associated G-allele or as a two-level AA vs. G-carrier variable. To examine potential confounding effects of prior month dutasteride exposure and heavy vs. light baseline drinking status, these variables were added independently in additional mixed-effects models. For the primary analysis of dutasteride moderation of alcohol effects on HR, BAES, and SS scales (nine outcomes), we controlled for multiple testing by using p<0.006 (=0.05/9) to reflect statistical significance. All statistical analyses were conducted with SPSS v15.
Results
Choice of dutasteride dose
Although dutasteride is a competitive and specific inhibitor of both type I and type II steroid 5AR enzymes, it is less potent for type I than type II 5AR (Gisleskog et al. 1998 ). In humans, type I 5AR is present in the skin, liver, adrenal gland, and brain. Type II 5AR is the predominant form in the prostate and skin, is also present in the liver but not in the brain, and is responsible for approximately 70 % of circulating DHT (Imperato-McGinley 1991) . Dutasteride has complex elimination kinetics with parallel linear and nonlinear pathways. Although single low doses (0.5-1 mg) are metabolized with a 3-4-day half-life, repeated daily dosing or single doses above 5-10 mg produce delayed elimination with a half-life of 5 weeks due to substrate saturation of the rapid elimination pathway (Gisleskog et al. 1999) . Limited pharmacokinetic data comparing 1, 2.5, 5, and 10 mg dutasteride in four subjects at each dose (Gisleskog et al. 1998) suggested that a dose in the range of 2-5 mg would balance goals of a significant inhibition of 5AR activity 2-4 days after a single dose together with moderate carryover effect in the subsequent session of a within-subjects crossover design. To identify an appropriate dutasteride dose for the laboratory study, prior to conducting the main alcohol laboratory study, we randomly assigned 24 healthy men [average age=27.9 years (SD=7.6)] to receive 2-, 3-, or 4-mg single doses of dutasteride in a 6-week pharmacokinetic study (Two participants in this pharmacokinetic study subsequently participated in the alcohol/ dutasteride main study with an interval of 9-10 months between participation in the two studies). After 3 days, the three doses produced similar reductions in levels of the 5α-reduced androstane metabolite 3α-diolG (73, 71, and 74 %, respectively). The suppression of enzyme activity was maintained for 1 week (71, 70, and 76 %, respectively), followed by a slow recovery, such that at 28 days, 3α-diolG levels were suppressed relative to baseline by 23, 34, and 42 %, respectively (Fig. 1) . Based on these results, we employed a 4-mg loading dose administered 2-4 days prior to the alcohol laboratory sessions for the dutasteride×alcohol crossover laboratory study to maximize the inhibition of brain type I enzyme, recognizing that this dose could result in subjects continuing to have reductions in peripheral type II 5AR activity after 4 weeks. Recovery of type I 5AR was expected to occur before type II 5AR, as dutasteride is a 60-fold less potent inhibitor of type I than type II 5AR (Gisleskog et al. 1998 ).
Baseline characteristics of subjects completing the dutasteride/alcohol crossover study Of the 70 participants who completed all four laboratory sessions in the dutasteride×alcohol study, 61 (87 %) were non-Hispanic Caucasians, 4 (6 %) were Hispanic Caucasians, 2 (3 %) were African American, 2 (3 %) were mixed race (Caucasian and African American), and 1 (1.5 %) was Asian. The average age of the subjects was 26.1 years (SD=6.5). Subjects' mean weight was 84.7 kg (SD=10.3). Most subjects were currently employed (80 %), and 50 % of subjects were college graduates. During the 90 days prior to study enrollment, subjects drank on an average of 2.2 days (DD) per week, with 0.7 heavy drinking days (HDD) per week (i.e., >4 standard drinks), and consumed an average of 8.1 sd per week. Because subjective responses to alcohol have been reported to differ in heavy vs. light drinkers (King et al. 2002; Gilman et al. 2012) , we subdivided the sample into nonhazardous or light drinkers (LD), n=37 (<15 sd/week and not more than 1 HDD per month during the past 90 days consistent with safe drinking guidelines) and hazardous or heavy drinkers (HD), n=33, who either drank heavily more than once per month or consumed ≥15 drinks per week. Drinking measures from the 90-day timeline follow-back (TLFB) are shown in Table 1 . Twenty-six subjects (LD = 16) were rs279858 A-allele homozygotes, 30 (LD=14) were heterozygotes, and 14 (LD=7) were G-allele homozygotes. There was no distortion in the distribution of GABRA2 genotypes comparing light vs. heavy drinkers [χ 2 (2)=0.06; p=0.97]. Effect of dutasteride pretreatment on 5AR enzyme activity
We measured serum 3α-diolG as a biochemical indicator of dutasteride inhibition of 5AR enzyme activity before dutasteride/placebo administration and again at the beginning of each of the 280 laboratory sessions 2-4 days later [average 2.75 days (SD=0.74)]. As shown in Fig. 2a , a single 4-mg dose of dutasteride reduced 3α-diolG levels by 73 % [(SD= 10 %); t(107)=−17.1, p<0.001] from baseline when examining either the first laboratory session or sessions that followed placebo drug exposure, indicating complete blockade of 5AR type II and partial blockade of 5AR type I. As expected from our pharmacokinetic study, there was a carryover suppression of baseline 3α-diolG for sessions following a dutasteride session (Fig. 2b) . However, the mean levels of 3α-diolG following dutasteride were not different between laboratory sessions immediately following a prior month dutasteride exposure (e.g., reflecting two consecutive months of dutasteride pretreatment) and those without a prior month dutasteride exposure [2.8 ng/ml (SD =0.9) vs. 3.1 ng/ml (SD=1.4); t(138)=0.3, ns]. Data from all four laboratory sessions were included for each subject.
Effect of dutasteride on the acute effects of alcohol
BrAC There was a main effect of time on BrAC (F(1,838)= 4,499.7; p<0.001), which ascended steeply after the initiation of drinking, with an average peak of 0.073 g/l (SD=0.017) at 40 min, after which it descended steadily to an average of 0.02 g/l (SD=0.010) at 300 min. There was no significant main effect or interaction with time of dutasteride pretreatment on BrAC [F(1,838)=3.1; p=0.08 and F(1,838)=2.1; p=0.15, respectively; Fig. 3a] .
Heart rate Linear mixed model analysis revealed main effects of alcohol (F(1,1792)=18.6; p<0.001), time (F(1,1792)= 136.3; p < 0.001), and an interaction of alcohol × time (F(1,1792)=9.4; p=0.002) on the change in heart rate from baseline, with no effect of dutasteride pretreatment or interaction of dutasteride with alcohol (Fig. 3b) .
BAES stimulation There were main effects of alcohol (F(1,1878)=214.4; p<0.001) and interaction of alcohol×time (F(1,1878)=96.3; p<0.001), but no significant interaction of dutasteride with alcohol (Fig. 4a) .
BAES sedation There were main effects of alcohol (F(1,1878)=304.9 p<0.001), the interactions of alcohol×time (F(1,1878) = 70.9; p < 0.001) and alcohol × dutasteride (F(1,1878)=11.4; p=0.001), and a trend for significance in the three-way interaction of alcohol × dutasteride × time (F(1,1878)=3.6; p=0.059). The form of the interactions is shown in Fig. 4b ; dutasteride significantly reduced the sedative effects of alcohol as measured by the BAES, with greater differences present at earlier times following alcohol administration.
SS There were significant alcohol and alcohol×time interactions for all of the SS subscales. There was a significant alcohol×dutasteride interaction for the SS anesthesia subscale (F(1,1878)=9.8; p=0.002), which was driven by the four sedation items "drowsy," "relaxed," "limbs heavy," and "heavy" (F(1,1878)=15.6; p<0.001), such that dutasteride pretreatment reduced self-reported sedation/relaxation (Fig. 5) . After correction for multiple testing, there were no other significant alcohol×dutasteride interactions for the remaining SS subscales.
Effects of baseline drinking and prior month dutasteride exposure
The significant linear mixed model dutasteride×alcohol interactions for BAES sedation and SS anesthesia and drowsy/ relaxed items, and lack of significant dutasteride×alcohol interactions for other measures, remained when high vs. low baseline drinking status or prior month dutasteride exposure were included as factors in the models. The three-way interaction of dutasteride×alcohol×baseline drinking group was not significant (p>0.2). Inclusion of session order (i.e., placebo vs. dutasteride pretreatment×placebo alcohol vs. 0.8 g/kg alcohol) as a factor in linear mixed models also did not change the statistical outcomes.
There was an interaction of alcohol×baseline drinking group on three of the SS subscales such that light drinkers reported greater alcohol-related body sensations [centralstimulant (F(1,1879) = 22.3; p < 0.001), anesthesia (F(1,1879)=8.6; p=0.003), and warmth-glow (F(1,1879)= 12.1; p=0.001) than heavy drinkers.
Test of the interaction of GABRA2 polymorphism and dutasteride on alcohol effects and of the moderation by GABRA2 genotype of alcohol effects
The addition of GABRA2 genotype to the mixed models (either as the three-level or two-level genotypes) showed no interactive effects of genotype with dutasteride for the effects of alcohol on heart rate, BAES stimulation, BAES sedation, or any of the six SS subscales. The interaction of genotype× dutasteride on alcohol effects was also not significant when high vs. low baseline drinking or prior month dutasteride exposure were included in the models.
The moderation of alcohol effects by GABRA2 genotype was also examined in the absence of dutasteride pretreatment. Mixed model results showed an alcohol×genotype interaction, such that G-allele carriers reported higher subjective effects on four of the SS subscales [central-stimulant (F(1,900) = 9.1; p = 0.03), anesthesia (F(1,900) = 9.5; p = 0.002), impaired function (F(1,900)=15.6; p<0.001), and Fig. 3 a Breath alcohol concentration (mean±SEM) as a function of time relative to beginning the first drink. BrAC peaked at the first time point, 40 min following initiation of drinking, and was not affected by dutasteride pretreatment. b Change in heart rate (mean±SEM) as a function of time relative to the beginning of drinking. Heart rate significantly increased following alcohol administration (p<0.001); there was no effect of dutasteride pretreatment on heart rate change following alcohol . The three-way interactions of alcohol×G-carrier×baseline drinking were not significant. We did not observe alcohol×genotype effects on heart rate or response on the BAES stimulation or sedation subscales (p>0.2).
Effects of dutasteride exposure on naturalistic drinking following laboratory sessions
In a secondary analysis, we examined drinking data obtained using the TLFB method at each monthly laboratory session and by mail 4 weeks after the last laboratory session, both to evaluate a potential increase in hazardous drinking following alcohol laboratory sessions and to investigate whether dutasteride exposure changed subjects' alcohol use in a natural setting. In the heavy drinker group, the number of HDDs during the first and second weeks following dutasteride pretreatment sessions was reduced from the 90-day baseline period [week 1: t(45)=−4.3, p<0.001; week 2: t(45)=−2.9, p=0.007]. In contrast, there was no such effect following laboratory sessions with placebo pretreatment (Fig. 6a) . The total number of drinks in the first week after dutasteride was also reduced from baseline [t(45)=−3.5, p=0.001] for the heavy-drinker group (Fig. 6c) . No significant effect of dutasteride treatment on drinking was seen for the 37 light drinkers, perhaps reflecting a floor effect for this group (Fig. 6b, d ).
Adverse effects of dutasteride paired with alcohol Dutasteride was well tolerated by study participants. No subject dropped out of the study due to adverse experiences related to the study medication. We collected a total of 903 medication adverse event reports from subjects over three time points: 2-4 days after receiving dutasteride or placebo and prior to receiving alcohol or placebo drinks and again 1 and 7 days after the alcohol (or placebo alcohol) laboratory session. For 842 of these occasions, subjects reported no adverse effects. A total of 61 reports indicated a potential medication-related adverse event, with 48 of these reports occurring during the interval between medication dose and alcohol administration. Only for "stomach discomfort" during the 2-4-day interval between medication administration and alcohol sessions were there more reports of adverse events after dutasteride than after placebo [8 vs. 2 % χ 2 (1)=6.0; p= 0.014]. The frequency of reports of "stomach discomfort" following dutasteride was similar in the light-vs. heavydrinker groups [χ 2 (1)=1.2; p=0.28]. We collected adverse event data for a total of 323 occasions during subjects' alcohol administration laboratory sessions. Reports of any drink-related adverse effects were more common on days in which alcohol was administered [34 vs. 21 % of occasions (χ 2 (1)=7.4; p=0.007)]. Sleepiness/being tired was the most common adverse effect reported during alcohol sessions. There was a trend for dutasteride pretreatment prior to alcohol to be associated with fewer reports of any adverse effect than placebo pretreatment [dutasteride 28 % vs. placebo 41 % (χ 2 (1)=2.9; p=0.09)].
Discussion
The primary results of this study are that acute inhibition of 5AR activity by dutasteride in adult males was associated with (1) reduced self-reported sedative (but not stimulating) effects of a moderate dose of alcohol in a laboratory setting and (2) reduced alcohol self-administration for 1-2 weeks following a single 4-mg dose in the natural environment. Reductions in sedative effects were observed using two different assessments, the BAES and the SS. Our results, when considered in the context of prior reports that a moderately intoxicating dose of alcohol similar to that used here does not elevate plasma levels of the 5α-reduced neuroactive steroid allopregnanolone (Nyberg et al. 2005; Holdstock et al. 2006; Pierucci-Lagha et al. 2006; Porcu et al. 2010) , suggest that alcohol is directly affecting the local generation of 5α-reduced neuroactive steroids in the brain, which is reduced by dutasteride.
The lack of an interaction of dutasteride with GABRA2 genotype on subjective alcohol effects contrasted with our prior findings in a smaller sample of an interaction of genotype with finasteride on several SS subscale measures (Pierucci-Lagha et al. 2005) . Our prior study included both men and women but only 7 A-allele homozygotes and 20 Gallele carriers, so the results may be less reliable than those from the 26 A-allele homozygotes and 44 G-allele carriers in the present study. Differences in findings may also have resulted from unanticipated pharmacologic effects of the high Fig. 5 Sum of response to four alcohol sensation anesthesia subscale drowsy/relaxed items (mean±SEM). Dutasteride pretreatment reduced the alcohol-associated increase in response for these items, p<0.001, in a mixed model that included all time points following alcohol. Post hoc testing **p<0.01 for 0 vs. 4 mg dutasteride in the alcohol condition for individual time points dose of finasteride used previously (which was 40 times the clinically effective dose) compared with a moderate 4-mg dose of dutasteride in the present study (due to the slow metabolism and accumulation over time, the standard chronic daily 0.5-mg dose of dutasteride yields a blood level equivalent to a single 10-20-mg dutasteride dose).
We also observed alcohol×GABRA genotype interactions on four of the SS scales (central-stimulant, anesthesia, impaired-function, and gastrointestinal) , with carriers of the alcohol dependence-associated G-allele reporting greater subjective effects on these measures. The direction of this effect is opposite that reported previously in a smaller sample, in which carriers of the G-allele had reduced responses to alcohol (Pierucci-Lagha et al. 2005) . The results of the earlier study also contrast with other more recent reports that GABRA2 alleles, which are overrepresented in alcohol dependence subjects, were associated with a greater "high" following alcohol administration (Kareken et al. 2010; Arias et al. 2014) . The lack of a GABRA2 genotype×alcohol interaction on BAES stimulation and sedation subscales reported herein is consistent with the lack of GABRA2 genotype moderation of alcohol effects on the BAES reported by three other groups examining moderately large samples (Haughey et al. 2007; Roh et al. 2011; Uhart et al. 2013 ).
Although not anticipated based on results from the laboratory study of the acute effects of alcohol, the observed reduction of alcohol consumption during the 1-2 weeks following dutasteride exposure in heavy drinkers is consistent with preclinical reports that finasteride reduces alcohol selfadministration (Ford et al. 2005; Ramaker et al. 2011 ) and acquisition of alcohol preference (Ford et al. 2008 ) in male mice. The reduction of sedative effects by dutasteride pretreatment, as measured by self-report questionnaires, would seem more likely to promote increased alcohol intake in the natural environment. The reduction in drinking following dutasteride, but not placebo drug sessions, suggests that dutasteride (and by inference its effects on neuroactive steroid concentrations) moderates the psychological or reinforcing properties of alcohol in ways not measured by the questionnaires used here.
Of note, in relation to the observed effect on drinking, a recent case series described that among 83 men who developed persistent sexual side effects from finasteride treatment of male pattern hair loss, 65 % of the men reported reduced alcohol use during or after discontinuation of finasteride (Irwig 2013) . These patients took finasteride for an average of 26 months and retrospectively reported a decrease in average drinks per week from 5.2 prior to finasteride to 2.0 drinks per week after discontinuing finasteride. Although these Fig. 6 Weekly TLFB data following laboratory sessions with dutasteride or placebo pretreatment for heavy vs. light male drinkers. a, b Heavy drinking days per week (mean± SEM) were significantly reduced in the heavy drinking group for 2 weeks following dutasteride pretreatment but not placebo pretreatment, paired t test for post-laboratory drinking compared with 90-day TLFB baseline data, ***p≤0.001; **p<0.01. c, d Total standard drinks per week (mean±SEM) were significantly reduced for the heavy drinking group during week 1 following dutasteride but not placebo, ***p≤0.001 findings are suggestive, subjects with persistent sexual side effects of finasteride represent a small minority of men treated with the drug, and the cases described were light drinkers. We are aware of no other studies reporting long-term effects of finasteride or dutasteride on alcohol use in human subjects. Although it is also possible that, in our study, dutasteride produced a general aversive reaction that transiently reduced alcohol use, the paucity of side effects reported at 1 and 7 days after the alcohol laboratory sessions (n=13) does not support this explanation.
Strengths of this study include a randomized, double-blind, crossover design with placebo controls for both dutasteride and alcohol, a robust sample size for the primary subjective outcomes, selection for rs279858 homozygotes, and biochemical evaluation of the pharmacologic inhibition of 5AR by dutasteride. A primary limitation of the study is that the single 4-mg dutasteride dosing strategy used likely resulted in only a partial inhibition of the brain type I 5AR. Additionally, the long half-life of dutasteride created a carryover effect in the month following dutasteride exposure which may have reduced the magnitude of dutasteride vs. placebo pretreatment contrasts. Therefore, the effects observed (or not observed) may not fully reflect the role of brain-derived neuroactive steroids in alcohol's effects. Although chronic daily use of dutasteride for clinical purposes results in nearly complete blockade of both types I and II 5AR, with reductions of DHT of 95 % compared with 70 % for finasteride (Clark et al. 2004) , our within-subjects design limited the dose of dutasteride that we could use without producing high levels of 5AR inhibition in subsequent sessions [e.g., a single 10-mg dose of dutasteride produces a 94 % reduction in DHT at 1-3 days and 90 % at 28 days; Gisleskog et al. 1998 ]. An alternate study design using a fully inhibitory dose of dutasteride could not practically be done using a placebo crossover design. An alternative to pharmacological inhibition of 5AR as a tool to test the potential involvement of neuroactive steroids in acute alcohol effects would be to examine the moderation of alcohol's effects by polymorphisms in genes encoding neuroactive steroid metabolic enzymes. A second limitation of using 5AR inhibitors to probe the involvement of neuroactive steroids in alcohol's effects is that 5β-reduced 3α-pregnane and androstane steroids are also potent neuroactive GABA receptor modulators (Bitran et al. 1991 ), but whose production by the 5β-reductase encoded in humans by AKR1D1 (Jez et al. 1997) is not blocked by 5AR inhibitors. Finally, this study was limited to men due to the potential teratogenic reproductive effects of dutasteride in women, so any sex effects of dutasteride were not detectable.
The reduction in heavy drinking during the first 2 weeks following exposure to dutasteride by non-treatment-seeking hazardous drinkers enrolled in the study has potential clinical relevance. The time course of these findings suggests that dutasteride's inhibition of 5AR in hazardous drinkers may have reduced the reinforcing effects of alcohol in a timelimited fashion, decreasing over time as the inhibition of 5AR waned. These results parallel preclinical studies showing a reduction in alcohol self-administration in mice following 5AR inhibition with finasteride (Ford et al. 2005; Ramaker et al. 2011) . The findings reported here, together with the favorable side effect profile of dutasteride, argue for the investigation of the utility of dutasteride to reduce heavy drinking in treatment-seeking men.
